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fEE -+ —fa “HTFHRHMA” WEKX, FXATFEHRTHEAT
ARKFZRHYHE. WFNEYETRE, UEATEEMEHERND K
AERFERHRHAL. EERPABFE. MEBZ. HaTFR %L
REBSTHEEFMNAHRTXERNRE, AFEINAHETE
MEKMAREHRTBEELNBEREE. FUXERTIRIELEREK
MU, FANKBFERE S TR ZF AR 50N 6B #AT
T4, FHRABELE. BN, SALEULREH X-FL£ER
MMUEHHMBETTUFENTR. EXEB/TEFRE LI
ZOEFHN I/ ENPKEAEREMHE, FETEAKERE. SHOW
MPEHRTEENT IFQETHE, BERRBT:

. Ao TUIRBREEREET —RINEF AR XARENTI/F
NMEARZEZE. RN ER S ERRAERENEREBELE X
MABZEEAEE. IHWERKRITFTHRRBELETUHEAIRAMLERM
HHMPAENT TN RIE#ETAE, BRAE. 2 FHEMAUREA
PRI TUANEE: B2MKENHAS FEHRETHERD
FWUARRESHEANR, DMKEEROSEH: EEANTH
BAANEEERIEFTARLEEAG, FEXAARLEEDT R
FLORER, TNEAL2TEREFHIAESERRLEAUR LEZT
BHREARE: NS TEIXEBRMOENAL>NRES, 4
W, BEFRAURABBEFYHRESTEI AR/ EN 84
KEEBRRZAMEENE M.

2. HEFHA EXAFS HAREZ & IR H A% PMo,,/1,10-DAD B4 % £
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EBRMABTEIRERH#TTHR. LELEAEZEBEMNERE, BEHRT
EAMBUNEHIESEH. SHEEATERERNE, THIMER
BIHISS, el PMo, ST ME ERARML. ELKEEAER
B, TVMBREEZEATENEL, RENESSEWEBK, HHE
MEBEAEZRERAHEECHROMBIZHK.

3. B THEREMEZT —RJM Cn-Mo SEHE, ATES
i« TGA. IR. Raman. XRD. ESR. XPS. EXAFS. AFM. A}
BB ESINERERNECHEENFEL&MHG. A4, 8. o
FHA. REHERMREINERHRTT —RIMNARIAKRT. R0
HRED TEREEARNPNHERAREKEGTFENBREHEE
ME, FEANRAFEI TN EBRNREHRATE N AR,
Cn-Mo E&MBEMCEEZ AWM. A& % M 0 N IE B %54
HEER T EHERNLEEL MoO, R HFHE KK #E.

4. 5t Cn-Mo REEBEANXBR BN LRSS B E LW EH
ZHXRR, WEBLAEZERN 2R BURBAESEHEEHE
MHMET T EZRAURIHERT —EHNEBHEER.
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Abstract

The “Photon era” of the 21° century is coming, and the research
on the behavior of the interaction between photon and electron, its
inducing physical, chemical and biological processes and its deriving
high-techniques, have become the front area in the world. In the last
decade, nanometer science, material science, microelectronics and
supramolecular science have been rapidly developed,so they can
provide essential prerequisite for the study of novel inorganic photo-
or/and electrochromic materials. Just stimulated by the background of
times, this dissertation originated from the immortal activity of
material science and information science, focused on the investigation
of novel photochromic materials constructed by supramolecular
chemistry methods. In this work, various techniques such as UV-
visible, Raman, IR, XPS, EXAFS and so on have been involved. It is
the first example to construct photochromic inorganic/organic
nanocomposited materials and this creative work lied in the
modification in the structure and properties of these materials. All

the results are summarized as follows:

1. The author first reported the fabrication of a series of
inorganic/organic  self-assembled multilayers films with fine
superlattice structure and photochromic properties. The results
showed the molecular deposition (MD) method is suitable to modify
the growth process, d-spacing, arrangement of molecule and the
photochromic properties of the MD films by applying various
molecule. The dispersed inorganic precursor were deposited in
different assembled formation depending on the oppositely charge

density of the substrate, so that the resulted films have various
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structure. The inorganic component not only plays an important role
in the self-assembly process, but also is the chromic center of the
materials. The photoinduced reduction and oxidation of metal ions
in the films is the basic reason of photochromism. The organic
molecules change the assembly-state and the formation of the
inorganic/organic complex interaction, also the stable of the photo-
induced charge-transfer complex compounds, so that to modify the

photochromic properties of the films.

2. The author first studies the photochromic process of the
PMo,,/1,10-DAD self-assembled multilayers films by applied EXAFS
technique and IR spectra. After the fabrication, there formed
inorganic network structure in the self-assembled films. When the
film was irradiated by UV light, the photochromic reaction occurs.
At the same time, the network structure was reversibly weakened and
somehow changes to that of purify PMo,,. However, after long time
UV irradiation, the structure of the complex material was irreversibly
destroyed accompanying with the photochromic properties dis-

appearance.

3. We have synthesized a series of Cn-Mo composite films by using
supramolecular template method. The formation condition,
component, structure, molecular arrangement, photochromic properties
and mechanism of the composite films have been studied by element
analysis, TGA, IR, Raman, XRD, XPS, EXAI_:S, AFM, flash-photolysis
and electrochemical analysis techniques. The results show that
supramolecular template method is effective to construct superlattice
films with fine long-range order structure, also to modify the

photochromic properties of these films. The photochromic
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reversibility, coloration-decoloration stability and response rate of
these composite materials are better than that of common amorphous

MoO; films.

4. The author studied the relationship between the change of Raman
spectra and the disorder of structures, some problems revolved in the
fabrication of the self-assembled films and spent more time on the

structure of the films and got some suitabie explain.
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1.1 JCEREGER

LR “HETEAR” iEd X, AN R FRAR” BEE
Kk, ATFHEHETFHESITARKBEROYE, FNEYERE, URGE RN
B TR AR A F AR TP RO IR R U, T LR A A R AR R
LU AR T A 9 AR . IR EERBEE PIREL . MR, M TR
LIRS TALFF 2R XFIRE, FREIABRT OB RN
R ERE RN R, SEHRBETFTLER. T XN
RIVERIE, NERMBIN AL TV AF RS, #— PR NMIBEEE
EREMERE N, MEEFERIER. 4HE. BrRSRNmENASSAHESHE
RKFER, KR+ — L —DPEBER TS,

.11 TGHLEB G R

Y6332 4 (Photochromism, PC), 52 F4F7EBIF B sl b 2R A 2 1)
PRI AL, K2 ADFH - FRNEERBAESSIRENN. TSR
LT AR R

T, =—— T, (1-1)
r, EE
B 1 B 2

HEXFER: OT, T, E—E&HT, HEREFE: O T, T, NHEN
EREAR:; @ T, T, ZHEEZBLZATHER . TR, aTUZE
BARME, FRSBUEGMETRIEENNE. BRERLHML, E05H
WRUT&M: T, T,EBEBHNEENE: 0T, T,HFEBKNETEG.
(¢) MWCGHAERT AKX (d) T,» T,HIRNEER; () REER: ) Bl&ITZ
RIE, FAMCHE. EREITAIE, T2HL LR &N SRR R B

oK
FEEEM B — AT 5 AR E BT ILBEE B R A,
HP LN ZREMEHRABESHNESESEBEMW AT, TEH Moo,
W03[]2-23]’ V205[24-27], Nio[lﬂ-l]], Rh203[31]; Nb205[32, 33]%0 %__%‘lé%*ﬂ‘,ﬁé*j*;l’
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REAERBRERBALLIMATSHER, W HPW,,0,], H[SiWI120,],
Hy[PMo,,0,,) %%, BEARGBTLASRE TEMRTENZGHE . TaH
ABER AR EEFREREY, Bt THRITAR M ERET
VR
L1111 S yETEMR

T EREADKYE, BT RERERAAEFHABTLANS CEBR
R TERKNE SRS OR TR, ML T BRSO EAN%EE
Y, R 1-1 AR THEBRYHTESRENYIZRETA.

K11 BROEBESRAUDRIEETH

FhERENLY B UV AESEE BTG
: Na,AlSi 0,,-2NaX N ‘
A NaALS: SE telos e 2
X=1%)
LiNbO, Fe, Mo B ®BE
Tio, Fe,0, 8K =
FeSO,
StTiO, Bk TiO, Fe, Mo s
WO,, MoO,, V,0; L [’ B
(AE)WO, (AE=Ht&R) Bi %, & h4a =

HEA, HERHD NaALSi0,,2NaX X=x%), # UV CLBEZER) M
BTR (AfE6) B RREFARL, BHTHET (REPL) HERE
HERZBMY, EXERMHABTFEMM OBTFBREH NIRRT EIRE
AL, BEGFHIMERE TSN, BXEEEE, XRETFRNA
FHERMESE. FHAMEAEE Na,CO,, ALO,, SiO,, NaCl F Na,SO,
EZSHIRAK (700-1050°C) H#lB. FIRBHTPAMRINREILLE, FrLE
rHEl, W¥BEREHURMEHEENKBRTASHHREahERENS D
T, 44> NaAlLSi0,1.2NaX-0.4Na,S0, R XEFEHFRIFHAS.
WA SR A K K 553 nm, TIHAFEA B ZE R 30 min®,

% Mo ( 0.005% ) #EAZE] Fe ( 0.05% ) #K) LiNbO, FF, 5 Fe* 3 Fe**
BT B B R BAR B AT RIRLE 450 nm WHE BT MOES ™, it 2

2
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B\ AR ] 2 R BURE B g,

2/ BH4&JE (Fe, Ni, Cu, Cr, Co, Mn M EMF &8 ) SEE(LSin
AE| TO, i, WEREBFMEFRMESLAERYN TiO, REH, HHEHH
HARAME. LSRN, REMN. KRNMBLAETE Tio, KMl L&A
= BEMNES, LEFLRN, SNSEANETFERFIZENEER, &
<100°C B ZTE B L4808 LA 2 B 5 it (8] IR B BT IR & . BB
FIFFIERIE T B e R R BT

= Fe Al Mo 2% SrTiO; BL TiO, &1 F 390-430 nm X #25 f) ¢ BR ST i,
BHIRT IR A HIEBRTERT Fe''fl Mo”, £HFH Fe BT E Mo*
BRI, RS BEARETFRENN. 7 300K, HBESEESHHBEATL
K. T Fe/Mo B4 SITiO, & E LS54, WXt F Fe/Mo $ 22K TiO, N
EAF) 1 M atia.

WK WO,, MoO,, V,0, #, HA&BEY A EEEE A
B, B UV BB MENFEES., EEETUEG, EE5RTE
[T 300°C fn#, HBEHFENL, TNIABHE— PP,

. 8. NERENHEASERABAELENY (Bi ) BEET UV
i BERA,. XEOREESHEESRCEATIKERRBRAGS., {58
SMFSEABRERKTRSOTHEEE. 4 Bl 25T 0.1 mol%, H&R
EmT 1250°C &, BEIBRIIMTENRE. UV iBESRBEEELAE 230°C #2430
JrER, O AT LG R U BB pn R .

[.1.1.2 MoO, 1 WO, I AE &

HT MoO, Hl WO, BAZRAERPRERFRENON_MERBENY, X
B FEGREXHMLEMIIABTA,

BEBHAT, MO, REHEMRK, BAFTHEFR: WO, EHEHMRK, Bail
fRZRe MoO, Fl WO, #2 n Bl 54k, ZFRE Eg #5IR 3.15 eVI¥If1 3.25
eV, —fRIEWM T, REEEgftBU EMNBHARBEARBTERN.

EETES, R KH K 253.7 nm #1484 ER S MoO, 1 WO, &1, —
EHEXRE A, XPS"HARHEEY R P FERNEMHEAE. X4 Moo,
EERRAF BN, SEREH, +5, +6 MAENBEEYE, HERNMSAFM
ANRZER, £ Mo"28 £, STF WO, K&K, ZEESAA HeH, KA+, 5
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SETPABTERFF LXK FEREE, JRATH MoO, f1 WO, R £
TEUFEITBEKAEY, TEE —EHNEHM. PRAIE Mo, M1 WO, #i
%A G ERR, HEENE, TEFEENENEERE NIBERE.

R (BREEH) BRMSIEFEETFL, —RONYEITERNILE .
ME T EERBETHEEES 07, BFRERET %, EHEEFELF
SAEPURRED ™, R, R ESTITIATETS, g iaEr o,
TR R B F R BEIE, XS FENAERERAR, B3M#E
MR M FRESEE AR, KREEREEERARR.

ARTEHIEMERSHEE, EUNEWNARTRESR. ATIXTERKY
WAEFIT THASY, SRR —AMERFTFEERNERASEHRRER. B
HEWMA, NEEMNBMENEEEREFERE, FRA LB EBRANERE
XX REDH, AMIBELT JIMEIR#HRIE RS MoO, f1 WO, B4
. Shiojiri®%& AT EMEEIE M1, AT ER WO, (a-WO, ) R
LA R, TSNS TSR R EETE—HE . Amoldssen®™ i i
PEHEERBERITH, ANANo-WO, BER—FESTFEH, U=ZFHE W,0, 4
EXEREIT, BEHZEUMBIKE, S@MEEEHES. XRD (X514
1TED) BRI NN WO, BIER U WO, \EGRAEEFAARNTR
PG £ .

BT REEEN, SERETEFHFT. EMSERD, MoO, M1 WO, ER
BEZAMRE S RE, RIELFETEHGFELEY™® S, W MoO,, Bk WO,,.
x —REO0~03 2. TTEHESEFAEFIELIT K, REEHEBEESNE
TEPRERFEKRITA, HRESF - LKRMEERENRANNS.
ANBVEEBNEMRTA Mo0,, nH,0 B MoO, (OH),. ¥ZFSHEEAR
i, HEFHEKEBEATHEE. FHARAM, EHEPEN WO, 545 1.74
K43F. EEPHRKPFERMTERS, —RBRUERMIK, CULEEEER
5 MoO, 5 WO, & —i8, BHARE, —RWHERMAK, —REMBR [
B R4, SHEEE S BRES. Zeller F Beyzler™ @it Z#H 447, £ 150 ~ 370°C
Z R RBIB AR S, AR 35 2 2 (0 45 9% 5 1) 3R 55 AL AT LA WA 0 A Ak R 2R Ak
20, MERRLE 150°C B 1 /MIJS, OH 3RFEERIZD 47%, TOFE 300°C 3Bk 1 /»
i, OH &ER> 85%. XHER] LUHRE v 8 H b 22 0% B FO 4 3R B 7K B L 451
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L. RS 1 mol/L LiClO, MR 10 R, sRKAEMTIE
EEE
W—O—H + Li* « - W—O—Li + H (1-2)
BT RHREHER, LB RARRE TR TFRETAKH. "TEUA
HUE MK A BECERBE 220 ™, 25 HKaED =R
G XR\YEEHKSS THABZROEE, £ABRAIETH
HTEEMAA. LERT AU TEH: ORABEEE T HNKTRIR;
@OEB TR MR, EE T FE O M H0 &, S5 TRERTR
A, W 1-1 Fr.

/O\ 7 N\ O\ O\ O
H HH HH HH HH H
( ¢ 0 0 0 o)
N N N
)M\ /W\ /N\
O O @) 0 O @)

B 1-1 ABEREIRETEE TEEERET Y RN

REgwmit, HEFKMNFEEFEAFN—m, ERRHNELERTRHEE
BRI LAEC Y.
MoO, + h* + 2H,0 — MoO* + 4H' + 120, (1-3)
H + ¢ — 12H,t (1-4)
WHATE, ST EBERYIRMEWIEFEARARM A, B AENBUEH
BHBRETEFER, NEANEBETLREGLME, 5IEERETEREER
KA, W@, MENBEHEERERE. XTRETFEAUEBFEAHR
KA, AANANAEBRRTAMMCE, EAAAEFTFENER™. — K
EHEMERLAETHNEENAHR, 5M—OEES.
£ LR Bid MoO, F1 WO, 32 n B 545, A4 510 3.15eV F13.25
eV, A, BEBLTREKRT Eg MAEHA RS EESEMTET . B
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PIEUR A L F /N F 380 nm, TIEEREERCRMEUEB BN,
MM SIATHIROCRE (780 nm HIFFHFBOGER, 632.8 nm #Y) He-Ne B8,
BY 514/488 nm H] ArEotss) ILEC. XM AREMHETEER G T Hit— S HCin
MR, 17E 1992 F, XWRBUR TRBHERE. ABEFEEEE “Nature” 27E
LERRET MoO, X o] WIHES HREF= T AWM, MTIE MoO, HIZ
NEKBETAILAR, ERLAMER EXBHTEEN—S.

AEAANEENETEMRERANERER. Y EPEHRTHERY
Jt, MoO, fl WO, FItH R ES KBRS . ERFTULFE., ZE%,
LA MoO, A%, RNFHIZTHTHIHERERR:

MoO; + hv — MoO,” + h" + ¢ (1-5)
RR,CHOH + h* — RRCOH + H' (1-6)
RR,COH — RR,C=0 + H' + ¢ (1-7)
MoO, + xH' + xe — HMoO, (1-8)

HREAREAFEARNR, K28E > FBE > HEER. XEDTEA
RIEALE R BALER LMK, LA UE AR R MBS, BT HEREMm, $
AR EMRBEERE . ARNER (1-5) B (1-8) AR, B—4 K
FALUERRTET/RTX . SMEZEAMAL, ZESHENREESTE
BEEHE, MABRZEMCERER, SERTFHERK. 42, ZEARIEX
REK, WEE/D. RIEXFXEERGURIEFE, MoO, 1 WO, i LI /EREH
5 R,

HTFAIEREEEABERRNSNEBET, MUEMESANE
E, WHEHBHEZEENREZAFN. MoO, MEEFERL, 7 AZAREE
EARE,TNAE BAEES K 0.1°.18 WO, EE ST 1R % 5 48 . Bechinger!"
R T VIWEST RS, WO, BBEAESSHHAaFRNETE. 837 —%
Rk, wHE 1-2 Biw.

iHES AR D e e I = Acexp(-tT) + A exp(-t/T,) (1-9)

X (129 RPHHEEIEREHNT TR (— Mg, —Med®) 4
o FAERERAIERNVIGHERE S A A, 43 A RITREETRE
RITREE, T, A0 T, 2% BRI SRR B 5, « REBEHIA. EEsA
8] t, A\ 20 B3RALE 250 MR, T M0 T, EARFEE, T,=18s, T,=250s. M
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A KA BEE t TR AN, t,>20s 8, AZEREE, AR
®hn. XHonE WO, WEEEREEASRMH BZETARBEENH . Moo,
M WO, EEHEARELENEXRERNER, BiidEAEE.
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B 12 WO, BRAZSHREE TR

BZEH MoO, Bl WO, B F G HIR, STEMREIK, BE 5k BFER
BSN FAE ALEY RS, AN LIUHAT LD ENREE MR EF. W
MoO,-WO, Vi FN 7 I P S BUAE 8 3 28 LL B 4l ) MoO, 1 WO, M B . MoO, &
B 8%A, TEMNEK, 552 WO, 1 1.5 %, & MoO,H 2.7 #%. IR
HRREABEE 2 Au R Pt i, MoO, Bi WO, MR LA Fa] oLZs R
EWHP D RRE,

1.1.1.3 ZFHyE
AT BEBMNEAREENE T, AMI—FHERASaERT T IRER
HRELT I BEWEE, B— P EHIELES. K. Deb F 1972 F12H K™,
U AFFRERBREGE, TEYCREAT, S RBEFREREER, BRT FaO8M,
IR ZHEZNEENIER 1975 8 Fanghan 12 4SBT A/
BAP, EERETHRKNBETRIT. SNMEREVETE WO, 1B G5
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RA R E RN, SR Z KRB MoO, 1 WO, KB A B EE
BT H. EFTHAREETRITH, MoO, B WO, RS NEHT, M s T
BERESWD, AMTFPETEN, FEETF-ZRF, BEBRTH W Mo*
#3k, EH WWE Mo, RINAET RENEBRNBRKXEHEEDF, ks,
BT, RTEBEARKBTERNEZERTEABEBEAE, SHTEEKY
FUYESERBEANSER HWO, 4EFH HMoO,, Il 1-3 Fix. HH
7 BT WYL Mo™ i i i L F ) WHEE Mo™ B # BRIT Ry &5 R 1Y,

_.H+ //// € H-++
L HT é e HT
_H"';__;,ZH'*'B‘
_H+ é H+e_
0 e

A° Ht

Photochromic mechanism of MoO;
Reaction equation:

xH" + xe” + MoO; —> HxMoO;
(colorless) (blue)

B 1-3 MoO, 8k WO, HEH Y B3 R # K]

B/ A GHLER Schirmer & APHRHI/METFAER, M1 N TR
WRHTFAEMHHEMEETF (W W) BERT (Mo*™F Mo*) 2 [ak
BT ERIE . EABTHRFHEE WE Mo™ ML E L, 334 E B R& 4%
WIER, RADRT, ANERFEXLMEFRE, MW—FHREEUIE

8




